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Wheat stripe rust is a fungal disease caused by Puccinia striiformis f. sp. tritici. The outbreak of wheat 
stripe rust will have a great impact on wheat production in Xinjiang, China. In order to identify 
resistance to wheat stripe rust and the distribution of resistance genes in 82 wheat cultivars (41 spring 
wheat and 41 winter wheat), wheat seedling resistance was evaluated using CYR32, CYR33 and CYR34, 
and wheat adult plant stage resistance was identified using a combination of 3 races. Six molecular 
markers were used to identify Yr29, Yr39, Yr46, Yr69 and YrTr1 in 82 wheat cultivars. The results showed 
that 3 of 82 wheat cultivars (Xinchun No.14, Xinchun No.22, and Xindong No.22) were immune to 
stripe rust at the adult plant stage. Xinchun No.29, Xinchun No.32, Xindong No.5 and Xindong No.29 
were resistant at all stage. The highest detection rates were for Yr69 and YrTr1, at 78.05% and 76.83%. 
However, the detection rates for Yr39 and Yr46 were only 0 and 2.44%, respectively. The Xindong 
No.22 were detected with the most resistance genes, which included 4 Yr genes. Furthermore, Xindong 
No.22 were immune to the disease at adult plant stage. The results confirmed the resistance gene 
distribution of the wheat cultivars in Xinjiang were heterogeneously, and the number of Yr genes was 
significantly and positively correlated with wheat cultivars resistant to stripe rust.
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Wheat is one of the four staple crops in China, and its yield has a significant impact on the nation’s economic 
development. Wheat stripe rust caused by Puccinia striiformis f. sp. tritici (Pst) is one of the most dangerous crop 
diseases endangering wheat production, causing major reductions in yield and quality1. Historically, Pst has 
caused catastrophic epidemics and major wheat yield loss in China in 1950, 1964, 1990, 2002, and 2017, resulting 
in yield losses of over 6.0, 3.2, 1.8, 1.3, and 1.5 million tons, respectively2.

The wheat stripe rust epidemic in China can be divided into several epidemiological regions3. Xinjiang has a 
large wheat planting area, and wheat is distributed in all crop-growing areas except the Turpan region. Yili Kazak 
Autonomous Prefecture and Kashgar Prefecture have the largest wheat planting areas4. Because of its unique 
geographical and meteorological, Xinjiang was designated as a relatively independent epidemiological zone for 
wheat stripe rust in China5. Wheat stripe rust is a prevalent wheat disease in Xinjiang and has become a pivotal 
constraint in local wheat production6.

There are many methods for controlling wheat stripe rust, but breeding and promoting cultivars with 
resistance genes is currently the most cost-effective and environmentally benign option7. Due to their high 
disease resistance and stable inheritance, resistance genes have been extensively introduced into wheat cultivar 
breeding. According to the references, more than 100 stripe rust-resistance genes have been detected in wheat 
and 86 already identified and cataloged, although only a few have been thoroughly researched8–10. For example, 
resistance genes such as Yr9, Yr29, Yr36, and YrTr1 have been extensively integrated into wheat cultivar breeding11. 
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Some resistance genes were resistant not only to stripe rust, but also to other diseases, such as Yr29/Lr46 and 
Yr46/Lr67 that were resistant to stripe rust and leaf rust. Wheat cultivars Abbondanza and Fengchan 3 were 
widely cultivated in South and central Shaanxi Province to control wheat stripe rust for 9 years in 196512,13. 
Therefore, identifying Yr gene distribution and Yr gene combinations could aid in development of novel wheat 
cultivars for long-term stripe rust management.

Adult plant resistance (APR) and all stage resistance (ASR) are two major types of resistance to stripe 
rust14. APR is only resistant to Pst in the adult stage of wheat, and resistance increases as the plant matures. 
ASR refers to Pst resistance in wheat seedlings and adult stage. ASR is typically race-specific and qualitatively 
inherited, whereas APR is non-race specific, durable, and frequently quantitatively inherited15. In recent years, 
researchers discovered resistance to Pst in some wheat cultivars16. These resistant cultivars have better resistance 
performance in the field. The wide planting of these resistant cultivars in the fields greatly reduces the probability 
of stripe rust outbreaks, thus ensuring the production of wheat in China. Han et al. screened out 50 resistant 
cultivarsfrom 1980 cultivars17. Sun et al. screened out 8 resistant cultivars from 100 cultivar18.

Since 1957, Chinese yellow (CY) series have been assigned to Chinese Pst races, and Chinese yellow rust 
(CYR) series designation for these rust races is still used today. So far, 34 races have been officially named CYR1 - 
CYR34. In nature, pathogens can rapidly evolve. Wheat rust pathogens can evolve into new virulent races with a 
high frequency in the field19–21. The frequencies of CYR32 and CYR33 were the highest among all detected races 
from 1997 to 2009. In 2009, a new Pst race virulent on wheat line G22 was detected in Sichuan Province, China22. 
Because of its high infection fitness and aggressiveness on wheat cultivars, G22-virulent races have expanded 
fast throughout China. Among G22 races, G22-9 (previously V26) emerged as a new predominant race and was 
officially titled as CYR3423,24. So far, CYR32, CYR33, and CYR34 were the predominant races in China.

The longer the planting years, the worse the disease resistance. Meanwhile, high genetic variation in the 
pathogen population and the rapid rate of selection for new virulent species lead to some cultivars losing their 
resistance to Pst. In order to evaluate the resistance of spring and winter wheat cultivars to Pst, identify the 
distribution of the resistance genes, and screen high-resistance cultivars in Xinjiang, China, 82 wheat cultivars 
were identified using CYR32, CYR33 and CYR34 to study at the seedling stage. At the adult plant stage of wheat, 
the mixture of races were artificially inoculated to evaluate the resistance of 82 wheat cultivars in field and 
greenhouses. Furthermore, the resistance genes Yr29, Yr39, Yr46, Yr69 and YrTr1 were identified in 82 wheat 
cultivars using molecular markers. The resistant cultivars were screened out from spring and winter wheat and 
provided a scientific foundation for wheat disease resistance breeding and the rational distribution of wheat 
cultivars in Xinjiang, China.

Results
Wheat seedling stage resistance
The evaluation results of 82 wheat cultivars for seedling stage resistance to stripe rust in phytotron showed 
that 28, 41 and 15 wheat cultivars were resistant to races CYR32, CYR33 and CYR34 (IT: 0 ~ 4), accounting for 
34.15%, 50% and 18.29% of the total wheat cultivars, respectively (Fig. 1). In recent years, CYR34, a new race 
has proven to be more virulent than CYR32 and CYR33, only Xinchun No.29 was immune to CYR34 among 
the 82 cultivars. The proportion of wheat cultivars with resistance to 0 ~ 3 races was 29.27%, 43.90%, 21.95% and 
4.88%, respectively. Among them, the cultivars resistant to three Pst races were Xinchun No.29, Xinchun No.32, 
Xindong No.5 and Xindong No.29.

Wheat adult plant stage resistance
Eighty-two wheat cultivars were evaluated in the field and greenhouse for resistance to stripe rust at the adult 
plant stage. To ensure the accuracy of the field experiment, the 82 wheat cultivars’ resistance was evaluated 
in a greenhouse as well. The final evaluate results based on the highest reaction type and disease severity. The 
results showed that 34 of 82 wheat cultivars were resistant to stripe rust, accounting for 41.46% of the total 
wheat cultivars (Fig. 2). Among them, 5 cultivars were immune to stripe rust, include Xinchun No.14, Xinchun 
No.22, Xinchun No.29, Xinchun No.32 and Xindong No.22, accounting for 6.10%. Five cultivars, Xinchun 
No.9, Xinchun No.16, Xinchun No.19, Xinchun No.21 and Xindong No.38, were nearly immune to stripe rust 
accounting for 6.10%. In spring wheat cultivars, the proportion of resistant cultivars was 63.41%, whereas in 
winter wheat cultivars it was only 19.51%. Therefore, spring wheat cultivars were more resistant to stripe rust 
than winter wheat cultivars. The highest disease severity grade was 80%, and the highest disease severity grade 
of 80% was displayed by14.63% of all wheat cultivars. According to the research results, there was a poor level of 
disease resistance and a higher disease severity on wheat cultivars in Xinjiang. However, some cultivars exhibit 
outstanding resistance in adult plant stage. Therefore, the resistance cultivars may be prioritized for breeding 
procedures in Xinjiang.

Wheat all stage resistance
The resistance to wheat stripe rust at all stage was comprehensive evaluation which Xinchun No.29, Xinchun 
No.32, Xindong No.5 and Xindong No.29 were classified as resistant to wheat stripe rust in the seedling stage, 
with Xinchun No.29 and Xinchun No.32 indicating immune responses in the adult plant stage. Therefore, from 
the screening of 82 wheat cultivars, 5 were categorized as immune cultivars in the adult plant stage (Xinchun 
No.14, Xinchun No.22, Xinchun No.29, Xinchun No.32 and Xindong No.22) and 4 as resistant cultivars in all 
stage (Xinchun No.29, Xinchun 32, Xindong No.5 and Xindong No. 29). According to the pedigree information 
of these 82 cultivars, most were bred in Xinjiang. But wheat cultivar 85 − 56 and 25 − 3 were the parents of 
Xinchun No.29, wheat cultivar 97 − 18 and Yongliang 11 were the parents of Xinchun No.32, wheat cultivar 
Bakhfuk and Beijing No.7 were the parents of Xinchun No.5, and wheat cultivar PH82-2-2 and Luzhi 79 − 1 were 
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the parents of Xindong No.29. Therefore, at least one parent of the 4 all stage resistant cultivars were introduced 
from other regions, supporting the theory that resistance was inherited from these parents.

The detection of disease-resistance genes
The resistance genes Yr29, Yr39, Yr46, Yr69 and YrTr1 were detected using the molecular markers in 82 wheat 
cultivars. The results showed that the number of wheat cultivars carrying Yr29, Yr39, Yr46, Yr69 and YrTr1 were 
24, 0, 2, 64 and 63, respectively. The detection rates of these 5 resistance genes were 29.27%, 0, 2.44%, 78.05%, 
and 76.83%, respectively. The number of resistance genes detected also varied among wheat cultivars. The wheat 
cultivars containing 0 ~ 5 genes were 3, 23, 35, 20, 1 and 0, accounting for 3.66%, 28.05%, 42.68%, 24.39%, 1.22% 
and 0, respectively. No resistance genes were detected in Xindong No.6, Xindong No.19 and Xindong No.52 and 
therefore the three cultivars were susceptible in the field evaluation (Table 1). Xindong No.22, which contains 4 
resistance genes (Yr29, Yr46, Yr69 and YrTr1), was an adult stage immune cultivar. In this study, wheat cultivars 
with more resistance genes had higher resistance against stripe rust.

Discussion
Xinjiang is located on the northwestern border of China, with a complex and diverse geographical environment 
and climate. In addition, Xinjiang is an independent endemic area of wheat stripe rust in China. It was reported 
that the infection regularity and annual change trend of wheat stripe rust in Xinjiang were basically the same 

Fig. 1. Distribution of resistant wheat cultivars to the three pathogen races CYR32, CYR33 and CYR34. Venn 
diagram show the ratio of resistant cultivars among 82 wheat cultivars at the seedling stage.
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as other provinces of China. However, the occurrence time sequence regularity of wheat stripe rust in Xinjiang 
lags behind other provinces of China25,26. The damage degree of wheat stripe rust in Xinjiang has been relatively 
large in recent years, exceeding the peak value of wheat stripe rust outbreak in the 1990s27. The disease was most 
prevalent in Ili Kazak Autonomous Prefecture, Urumqi City, Altai Prefecture, Hami City and Aksu Prefecture4. 
Planting rust-resistant wheat cultivars has been considered as an effective and green strategy to control wheat 
stripe rust. In China, comprehensive application of wheat cultivars carrying resistance genes has been successful 
for long-term disease control28. However, high genetic variation in the pathogen population and the rapid rate 
of selection for new virulent races lead to some Yr genes have lost their resistance29–31. Therefore, in order to 
pinpoint the wheat cultivars’ resistance to stripe rust, 4 ASR and 34 APR cultivars were identified from the 82 
wheat cultivars of Xinjiang that were screened. According to the results, there are more APR cultivars and fewer 
ASR cultivars in Xinjiang. Therefore, breeders need to focus on breeding all-stage resistant cultivars in Xinjiang.

At present, 86 wheat stripe rust resistance genes (Yr1-Yr86) have been designated32. Furthermore, there are 
many unnamed new Yr genes from current wheat cultivars or other Triticum species, such as Yrsp, YrElm4, YrTr1 
and YrM85233. A large number of Yr genes have been used in breeding for disease resistance, such as Yr9, Yr29, 
Yr36, Yr39, Yr46, Yr69 and YrTr134,35,37,39,52. In this study, detection rate of Yr29, locate in the chromosome 1BL 
region and closely linked to the leaf rust resistance gene Lr46, accounted for 29.27% of all wheat cultivars36. Its 

Fig. 2. The number of wheat cultivars classified .according to resistance reaction in the adult plant stage.
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Line Cultivar

Seedling Stage

Adult Plant Stage

Molecular marker test

CYR32 CYR33 CYR34 Yr29 Yr39 Yr46 Yr69 YrTr1

1 Xinchun No.2 HS MS HS 20MS − − − − +

2 Xinchun No.3 HS HS HS 60MS + − − + +

3 Xinchun No.5 HS MS HS 40HR − − − + +

4 Xinchun No.6 HS MS HS 20MS − − − + +

5 Xinchun No.7 MS MS MS 20MR − − − − +

6 Xinchun No.8 MS MR HS 80HS − − − + +

7 Xinchun No.9 MS HS MR 5NI + − − + −

8 Xinchun No.10 HS MS HS 60HS − − − + +

9 Xinchun No.11 HS HS HS 30HR + − − + +

10 Xinchun No.12 MS MR MR 40MR − − − + +

11 Xinchun No.13 HS MS HS 40HR − − − + +

12 Xinchun No.14 MS MR HR 0I + − − − −

13 Xinchun No.15 HS MR MS 20MR − − − + +

14 Xinchun No.16 HS HR MR 10NI + − − + +

15 Xinchun No.17 MS MS HS 40MR + − − + +

16 Xinchun No.18 MS MS HS 80HS − − − − +

17 Xinchun No.19 HS MR HR 5NI − − − + +

18 Xinchun No.20 HS HS HS 40MR − − − + +

19 Xinchun No.21 MS MR MR 5NI − − − + −

20 Xinchun No.22 HS MR MS 0I + − − + −

21 Xinchun No.23 HS HS HS 20HR + − − + +

22 Xinchun No.25 HS MR MS 80HS − − − + +

23 Xinchun No.26 MS HS HS 20MR + − − + +

24 Xinchun No.27 HS MR MS 40MS + − − + −

25 Xinchun No.28 MR HS MS 20HR + − − + +

26 Xinchun No.29 I HR I 0I − − − − +

27 Xinchun No.30 MR HS HS 20HR + − − + +

28 Xinchun No.31 HS MR HR 20HR + − − − +

29 Xinchun No.32 MR MR HR 0I − − − + −

30 Xinchun No.33 MR HS MS 20MR − − − + +

31 Xinchun No.34 MR MR MS 80HS − − − + +

32 Xinchun No.35 MR MS MS 60MS + − − + −

33 Xinchun No.36 HS MS MS 40MR + − − + +

34 Xinchun No.37 HR MS HS 60MS + − − + +

35 Xinchun No.38 MS MR HS 10NI + − − + +

36 Xinchun No.39 I MR MS 80HS − − − + +

37 Xinchun No.40 MS MR MR 40MR − − − + +

38 Xinchun No.41 HS MS HS 20MR − − − + +

39 Xinchun No.43 MS MR HR 40MS − − − + +

40 Xinchun No.44 HS MS MS 40MS − − − + +

41 Xinchun No.45 MS MS MS 60HS − − − + −

42 Xindong No.1 MS MR HS 40MS − − − − +

43 Xindong No.2 MR HS HS 40MS − − − − +

44 Xindong No.3 MS MR HS 40MS − − − + +

45 Xindong No.4 HS MR HS 60HS − − − − +

46 Xindong No.5 I HR HR 5HR + − − + +

47 Xindong No.6 MS MR MS 40HS − − − − −

48 Xindong No.7 MS MR HS 40HS − − − − +

49 Xindong No.9 MR MR HS 40HS − − − + +

50 Xindong No.10 MR HS HS 40MS − − − + +

51 Xindong No.11 MR MR HS 40HS − − − − +

52 Xindong No.12 MR HS HS 40HS − − − − +

53 Xindong No.13 MR MR HS 40HS − − − + +

54 Xindong No.14 HR MS MS 20HR + − − + +

Continued
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derivatives played an important role in wheat disease resistance breeding. Yr39 confers durable high-temperature 
adult-plant (HTAP) resistance to Pst37. Lin and Chen mapped HTAP resistance gene Yr39 to chromosome 7BL38. 
Yr46 was found on chromosome arm 4DL and it is closely linked with the leaf rust resistance gene Lr6739. But the 
detection rate of Yr39 and Yr46 was only 0 and 2.44% of the total wheat cultivars, respectively. Resistance genes in 
wheat cultivars are frequently defeated by emerging new races, resulting in the wheat cultivars to be vulnerable 
within a short period after released in the fields. Therefore, breeders can benefit by the combination thereof with 
resistance genes such as Yr39 and Yr46 in breeding practices in Xinjiang.

Pyramiding rust resistant genes is an important strategy to breed wheat resistance cultivars40. Wheat resistant 
cultivars with multi-resistance genes exhibit a broader resistance spectrum. Multi-gene pyramiding strategy has 
been verified for durable control of wheat rusts41,42. By pyramiding Yr15 and Yr64 to the resistance wheat line 
RIL-Yr64/Yr15, a wider spectrum and durable resistance wheat cultivars were obtained43. Chhetri et al. identified 
Yr58 by using the method of genotyping, and Yr58 interaction with Yr46 for enhanced wheat resistance to stripe 
rust44. The deployment of wheat cultivars carrying multiple resistance genes in epidemiological regions can 
theoretically control disease outbreak. Wheat cultivars with ASR resistance have been grown in epidemic prone 
regions now and have achieved good results in the control of wheat stripe rust45.

In this study, 4 ASR cultivars were detected and in our previous study, 15 resistance genes were detected 
in these 82 wheat cultivars of Xinjiang46. Combined the results indicated that Xindong No.5 was detected 13 
resistance genes. Xinchun No.29 and Xinchun No.32 were detected 10 and Xindong No.29 oniy 9 resistance 
genes. There were 4 cultivars that had better resistance performance against wheat stripe rust because of more 
resistance genes. Only 5 resistant genes were detected in Xinchun No.14, but it displayed immunity to Pst at adult 
plant stage in the field. This may be due to the presence of other undetected resistance genes or undiscovered 
resistance genes. Xinchun No.14 was introduced by CIMMYT (The Centro Internacional de Mejoramiento de 
Maiz y Trigo), so its source of disease resistance is different from other cultivars. It is necessary to make full use 
of Xinchun No.14 as a before parent to enrich the disease resistance sources of local wheat varieties in Xinjiang 
in subsequent breeding for disease resistance.

Line Cultivar

Seedling Stage

Adult Plant Stage

Molecular marker test

CYR32 CYR33 CYR34 Yr29 Yr39 Yr46 Yr69 YrTr1

55 Xindong No.15 MS MR HS 40MS + − − + +

56 Xindong No.17 MR MR HS 40MS − − − + +

57 Xindong No.18 HS MR MS 20MS + − − + +

58 Xindong No.19 MR MR HS 20HS − − − − −

59 Xindong No.20 HS MS HS 20MR − − − + +

60 Xindong No.22 MS MS MS 0I + − + + +

61 Xindong No.23 MR HS HS 40HS + − − + +

62 Xindong No.24 HS MR HS 80HS + − − + −

63 Xindong No.25 MR HS HS 60HS − − − + +

64 Xindong No.26 HS MR HS 80HS − − − + +

65 Xindong No.28 MR MS HS 80HS − − − + −

66 Xindong No.29 MR MR HR 5HR − − − + +

67 Xindong No.32 HS HS HS 60HS − − − − +

68 Xindong No.33 MS HS HS 40MS − − − + −

69 Xindong No.35 HS MS HS 60HS + − − + +

70 Xindong No.41 HS I HS 5HR − − + + +

71 Xindong No.46 MS HS MS 20MS − − − + +

72 Xindong No.49 MR HR HS 80HS + − − + +

73 Xindong No.50 MR HS HS 80HS − − − + −

74 Xindong No.51 MS HS MR 10MR − − − + −

75 Xindong No.52 MS MR HS 40MS − − − − −

76 Xindong No.53 MR MS HS 60HS + − − + +

77 Xindong No.57 MS MR MR 10MR − − − + +

78 Yili 034 HS HS HS 80HS − − − − +

79 Yili 053 MR MR HS 60HS − − − − +

80 Yili 060 MR HS HS 60HS − − − + −

81 Yili 070 MS MR MS 60HS − − − + −

82 Yili 086 MS MR MS 80HS + − − + −

Table 1. Stripe rust reactions at seedling and adult plant stage, and amplifications by Yr gene specific 
molecular markers. I: immune; NI: nearly immune; HR: highly resistance; MR: moderately resistance; MS: 
moderately susceptible; HS: highly susceptible; +: the Yr gene was detected; −: the Yr gene was not detected.
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In the future breeding work, high-quality resistance introduction and different Yr gene combinations will be 
better strategies which will provide more selection for resistance improvement and resistance breeding. Thirty-
four wheat cultivars were resistant to stripe rust at adult plant stage. And all of the 34 cultivars were detected 
multiple resistance genes. Therefore, these cultivars could be preferentially used for spreaded in field. At the 
same time, in the breeding practices of disease resistance, 34 cultivars could be preferentially selected.Although 
Xinjiang is assumed to be a relatively independent epidemiological area for wheat stripe rust in China, there 
is also a perennial risk of wheat stripe rust outbreaks. Once wheat stripe rust spreads, it will have a significant 
impact on Xinjiang’s agricultural economy47. Therefore to assist with the control of wheat stripe rust in Xinjiang, 
82 Xinjiang wheat cultivars were evaluated at seedling and adult plant stages. Disease resistance identification 
showed that Xinchun No.29, Xinchun No.32 Xindong No.5 and Xindong No.29 were resistant to wheat stripe 
rust at all stage. Simultaneously, the resistance genes Yr29, Yr39, Yr46, Yr69 and YrTr1 were detected to clarify the 
resistance genes distribution of 82 wheat cultivars. The results indicated that Yr69 and YrTr1 had higher detection 
rates, but Yr36 and Yr46 had lower detection rates. The cultivar with gene combinations was comparatively 
limited. This result is consistent with our earlier findings46. The study provides a theoretical foundation for 
rational distribution of disease-resistant cultivars and disease-resistant breeding in Xinjiang.

Materials and methods
Materials
A total of 82 wheat cultivars from Xinjiang were used in this study, of which 41 were spring wheat cultivars and 
41 were winter wheat cultivars. And the 82 wheat cultivars were mainly cultivated in Xinjiang. Taichun 29 and 
Mingxian 169 were used as positive controls to evaluate the resistance to stripe rust. AVS near-isogenic lines of 
wheat with Yr29, Yr39, Yr46, Yr69 and YrTr1 were used as positive controls for resistance genes detection. Three 
Pst races, including CYR32, CYR33 and CYR34, were used to evaluate resistance at wheat seedling stage. And 
the mixture of Pst races were employed to evaluate at wheat adult plant stage. All wheat cultivars and Pst were 
provided by the Laboratory of Plant Disease Epidemiology of Xinjiang Agricultural University.

Evaluation of resistance to stripe rust at seedling stage
Eighty two wheat cultivars, Taichun 29 and Mingxian 169 were planted in 14 cm diameter porcelain pots. Each 
pot contained 8 wheat seeds and each cultivar was set up with three replicates. Fresh urediniospores and the 
electron fluoride solution were combined to make a 25 mg/ml spore suspension. When the seedlings reached 
the Feekes 1 stage, they were inoculated with pipette. After electronic fluorinated liquid evaporated, the seedlings 
were placed in a sealed barrel for 24 h to maintain humidity and darkness. Then the seedlings were transferred 
to a phytotron with the temperature in a range of 12 ± 1℃, relative humidity 60 − 80%, light intensity 9000 Lx 
and Light 14 h/d. Approximately 15 days after inoculation when stripe rust had fully developed on Mingxian 
169 and Taichun 29, the infection types (IT) were recorded. Experimental design was arranged in the same way 
at Xinjiang Agricultural University and Xinjiang Academy of Agricultural Sciences.

Evaluation resistance to stripe rust at adult plant stage in field
Evaluation of resistance of adult wheat to stripe rust in fields in Urumqi City and Changji Hui Autonomous 
Prefecture of Xinjiang from 2022 to 2023. 41 spring wheat and Taichun 29 were planted in March 2022. 41 winter 
wheat and Mingxian 169 were planted in September 2022. Each cultivar was planted in 1 m long rows and 0.3 m 
apart. Mingxian 169 and Taichun 29 were planted at 10-row intervals between the evaluated wheat cultivars to 
aid in spore dissemination. When the wheat reached the Feekes 3 stage, they were inoculated with 2 mg/mL 
mixture of fresh urediniospores and water. The inoculation method was sprayed using 1 L watering-can. Cover 
with black bag for 24 h to keep dark and moist. When Mingxian 169 and Taichun 29 was fully infected, the IT 
and disease severity were recorded. The experiment was duplicated 3 times and the experimental configuration 
was the same in two locations.

Evaluation resistance to stripe rust at adult plant stage in greenhouse
Evaluation of wheat resistance to stripe rust at the adult plant stage was carried out in the greenhouse of 
Xinjiang Agricultural University in 2023. Mingxian 169, Taichun 29 and 82 wheat cultivars were planted in 
100 × 30 × 30  cm pots. Thrity wheat seeds were sown in each pot and the experiment was set up with three 
repetitions. When the wheat grew to Feekes 3 stage, the 30 mg/mL mixture of fresh urediniospores and water 
was useing watering-can to onto wheat. The inoculation and evaluation methods were consistent with the field 
experiments.

The detection of resistance genes
The resistance genes Yr29, Yr39, Yr46, Yr69 and YrTr1 of 82 wheat cultivars were detected using the developed 
molecular markers. DNA from 20 mg leaves of the seedling was extracted using the cetyl trimethyl ammonium 
bromide (CTAB) method48,49. The DNA concentration was detected using a spectrophotometer; it was diluted 
to 50 ng/µL by adding 1 × TE. The integrity of the extracted genomic DNA is examined using 1% agarose gel 
electrophoresis. All of the markers was Simple Sequence Repeat (SSR). The sequence of primers were shown in 
Table 2. The polymerase chain reactions (PCR) molecular marker primers were synthesized by Beijing Bomade 
Gene Technology Co., Ltd. (Beijing, China). The PCR were performed in a 30 µL reaction mixture containing 2 
µL (50 ng/µL) of template DNA, 15 µL of PCR Mix, 1.5 µL of forward primer, 1.5 µL of reverse primer and 10 µL 
of ddH2O. Amplification conditions were an initial 5 min of denaturation at 94℃, next by 35 cycles of 1 min of 
denaturation at 94℃, 1–2 min of annealing at 50–58℃, and 1 min extension at 72℃. Step extension was 10 min 
at 72℃ and final 10℃ forever. The PCR products were subjected to 1–2% agarose gel electrophoresis (the gel 
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concentration was determined by target fragment size). In order to verify the accuracy of the detection of the 
stripe rust resistance genes results, the stripe rust resistance genes were sequenced.

Identification standards and data analysis
The IT were recorded based on a scale of 0–4 (Table 3). Wheat with IT 0–2 was considered resistant, whereas 
3–4 was considered susceptible54. Disease severity was recorded based on a 0–100%, including 0, 5%, 10%, 
20%, 40%, 60%, 80% and 100%55. The evaluation results for stripe rust resistance at seedling and adult stage 
were summarized. GraphPad Prism 9 was used to conduct statistical analysis. The background information 
of wheat cultivars was obtained from the authoritative website of the Chinese Seed Industry Data Platform 
“http://202.127.42.47:6010/SDSite/Home/Index”.

Data availability
All data generated or analysed during this study are included in this published article.
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